To identify remagnetization is essential for palaeomagnetic studies and their geodynamic implications. The traditional approach is often based on directional analysis of palaeomagnetic data and field tests, which may be inconclusive if the apparent polar wander path (APWP) is poorly constrained or if the remagnetization predates folding. In several cases, rock magnetic work, particularly, the measurement of hysteresis loops allows identification of the so-called 'remagnetized' and 'non-remagnetized' trends. However, for weakly magnetic samples, this approach can be equivocal. Here, to improve the diagnosis of remagnetization, we investigated 192 isothermal remanent magnetization (IRM) acquisition curves (up to 700 mT) of remagnetized and non-remagnetized limestones from the Organyà Basin, northern Spain. Also, 96 IRM acquisition curves from non-remagnetized marls were studied as a cross-check for the non-remagnetized limestones. A non-parametric end-member modelling approach is used to analyse the IRM acquisition curve data sets. First, remagnetized and non-remagnetized groups were treated separately. Two or three end-members were found to adequately describe the data variability: one end-member represents the high-coercivity contribution, whereas the low-coercivity part can be described by either one end-member or two reasonably similar endmembers. In the remagnetized limestones, the low-coercivity end-members tend to saturate at higher field values than in the non-remagnetized limestones. When the entire data set was processed together, a three-end-member model was judged optimal. This model consists of a high-coercivity end-member, a low-coercivity end-member that saturates at ∼300-400 mT and a low-coercivity end-member that approximately saturates at 700 mT. Higher contributions of the latter end-member appear to occur dominantly in the remagnetized limestones, whereas the reverse is true for the non-remagnetized limestones, so they plot in clearly distinguishable areas. Meanwhile, the IRM curves from non-remagnetized marls show a behaviour similar to that of the non-remagnetized end-member in the limestones. Therefore, this new approach can be a very useful tool to diagnose remagnetization in weakly magnetic limestones and marls. We recommend applying it to other areas of potentially remagnetized low-intensity sediments.
I N T RO D U C T I O N
Remagnetization in sedimentary rocks often provides important information on geological features and processes (i.e. diagenesis, tectonic motion, fluid migration and thermal events). It has become apparent that remagnetization may be much more widespread than previously considered. Sediments in forelands and outer margins of orogenic zones, which were often supposed to deliver high-quality palaeomagnetic data, are increasingly reported to be remagnetized. This applies as well to many of the Mesozoic Iberian basins (e.g. Galdeano et al. 1989; Moreau et al. 1992; Moreau et al. 1997; Juárez et al. 1998; Dinarès-Turell & García-Senz 2000; Villalaín et al. 2003; Márton et al. 2004; Gong et al. 2008a; Soto et al. 2008) .
To diagnose remagnetization, classical methods focus on the analysis of palaeomagnetic directions and polarity patterns. By comparing the observed palaeomagnetic polarities to the standard geomagnetic polarity time scale (GPTS) for the age range of interest or the palaeomagnetic directions to the regional apparent polar wander path (APWP), remagnetization may be recognized. Also, field tests (e.g. the fold test) are used in many cases to distinguish remagnetized natural remanent magnetization (NRM) . In most studies, a pre-folding magnetization is taken to be primary; however, this is not always the case. Remagnetization can occur any time during the geological history: pre-folding (e.g. Perroud & Van der Voo 1984) , syn-folding (e.g. Kent & Opdyke 1985) or post-folding (e.g. Stearns & Van der Voo 1987) . When the remagnetized component has completely overprinted the original NRM component and passes field tests, its recognition is hard. Furthermore, directional NRM analysis to establish a remagnetized rock sequence is not an entirely independent method of analysis. Hence, if there would be a consistent way to describe (differences in) the properties of remagnetized and non-remagnetized rocks, it would provide an independent method with which to identify the remagnetization.
For limestones, in a number of cases, remagnetized rocks have distinct magnetic hysteresis properties and the so-called remagnetized and non-remagnetized trends are recognized on the 'Day plot' (Day et al. 1977; Jackson 1990; Channell & McCabe 1994) . It should be noted, however, that, in a strict sense, these trends on the Day plot apply to samples that only contain magnetite. Mixed magnetic mineralogy biases the area where the samples would plot. The neoformed magnetite particles are very fine-grained and close to the superparamagnetic (SP) threshold. This is supported by fairly low maximum unblocking temperatures in remagnetized limestones ranging between 480 and 530 • C (e.g. Zegers et al. 2003) . Dunlop (2002a,b) modelled the hysteresis parameters for different proportions of SP and larger magnetite particles and could reproduce the trends observed by Channell & McCabe (1994) . However, the amount of magnetic minerals in limestones is often very low, yielding low-intensity remanences that may complicate their meaningful measurement. Also, it is not uncommon that remagnetized rocks plot in between those two trends (e. g. Katz et al. 2000; Zegers et al. 2003) . Indeed, Lanci & Kent (2003) modelled positions on the Day plot that were intermediate between the two trends, with thermal activation included in the modelling. Relying solely on whether or not a sample suite plots on the remagnetized trend is therefore somehow equivocal. As mentioned before, mixed magnetic mineralogy may have a biasing effect. Hence, other types of analyses are needed.
Rock magnetic properties are used in this context, in particular, the analysis of anhysteretic remanent magnetization (ARM) and isothermal remanent magnetization (IRM) properties. Because the specific ARM of magnetite-particularly when it is fine-grainedis so high, ARM is biased with respect to magnetite. IRM gives a more complete picture of the magnetic mineralogy because the high-coercivity minerals are included. As is the case for ARM, IRM is also sensitive to the grain size of the magnetic particles. Compared with other rock magnetic parameters, IRM can be faithfully measured on very weak magnetic samples because this type of remanent magnetization yields high signals. When a small amount of a high-coercivity mineral (such as haematite) is present together with a dominant low-coercivity mineral (such as magnetite), it is often difficult to detect the former on hysteresis loops, but it is easily identifiable with IRM acquisition curves. These advantages make IRM acquisition curves suitable for the analysis of remagnetization in generally weak limestones.
To investigate the coercivity contributions of different minerals to measured IRM acquisition curves, a number of techniques have been developed (Robertson & France 1994; Stockhausen 1998; Kruiver et al. 2001; Heslop et al. 2002; Egli 2003; Heslop et al. 2004) . For the IRM acquisition curves consisting of at least of 25 data points, a cumulative log Gaussian (CLG) modelling can be applied (Kruiver et al. 2001; Heslop et al. 2002 Heslop et al. , 2004 . However, this modelling is based on base function fitting. It relies on the assumption that all coercivity components conform to a cumulative Gaussian distribution in the log-field space. Also, the more generalized skewed generalized Gaussian fitting approach proposed by Egli (2003) relies on a set of base functions. To avoid potential problems with proper base function selection, here we apply end-member modelling, a nonparametric technique (e.g. Weltje 1997; Heslop & Dillon 2007 ). It has been tested to evaluate its usefulness for unravelling basin fills in complex geotectonic settings (Weltje 1997) and was applied to rock magnetic analysis of diagenetic processes by Heslop & Dillon (2007) . There is no assumption on base functions or even on the end-members required. As end-member modelling makes use of inherent variability within a data set, a fair number of IRM acquisition curves (>30) must be used as input. The only criterion is that the input curves must be monotonic (see also Section 3). To this end, the measured IRM acquisition curves are smoothed using a collection of splines that are constrained to enforce overall monotonicity. Another advantage of the end-member modelling is its rapidity, which makes it possible to process the large IRM data sets within a reasonable amount of time. In this study, we will try to diagnose remagnetization in limestone using the end-member method for the analysis of the IRM acquisition curve data sets.
The selected study area, Organyà Basin, is a Cretaceous Pyrenean basin, located in northern Spain (Fig. 1 ). It is a typical foreland basin. Therefore, the method developed in the Organyà Basin may well be applicable elsewhere. Previous studies (Dinarès-Turell & García-Senz 2000; Gong et al. 2008a) show that the Berriasian-Barremian limestone strata inside the Organyá Basin are remagnetized, whereas the Aptian-Cenomanian strata have a primary magnetization. We refer to this situation as 'non-remagnetized'. The lithologies are limited to limestones and marls. There are remagnetized and non-remagnetized limestones; in contrast, all marls in the basin are non-remagnetized. Therefore, we focus here on the limestones and use the marls only as a cross-check to investigate to what extent they would compare with the non-remagnetized limestone. If the IRM properties can be consistently unravelled into non-remagnetized and remagnetized groups without a priori knowledge, it will provide a directionally independent method to recognize remagnetization that would complement existing remagnetization criteria.
G E O L O G I C A L S E T T I N G A N D S A M P L I N G
The Organyà Basin is located in the southern Pyrenees, northern Spain (Fig. 1) . It is an inverted basin and experienced early Cretaceous extension as well as late Cretaceous-Miocene compression that led to the Pyrenean orogeny. There are around 4.5 km of Cretaceous limestones and marls deposited. Platform carbonates in a coastal lagoonal environment were deposited from the Berriasian to Barremian-lower Aptian. Three formations are distinguished: Barranc de la Fontanella, Hostal Nou and Prada Formations. From the Aptian to the Albian, when the basin rifting was maximal, the limestones grade to marls. The marls include the Cabó, Senyús, Font Bordonera and Lluçà Formations. In the marls, some limestone intercalations occur. The depositional environment became coastalmarine. During the late Cretaceous, a post-rift platform carbonate formation was deposited, named the Santa Fè Formation.
In the Organyà Basin, the previous studies (Dinarès-Turell & García-Senz 2000; Gong et al. 2008a) show that the carbonate rocks that comprise the lower part of the stratigraphy, from Berriasian to and Table S1 . At the bottom right, the study area is indicated by a white square on the topographic map.
Barremian, are remagnetized. No remnants of the original primary NRM could be traced in the progressive demagnetization diagrams of individual samples. However, the upper part of the stratigraphy, which includes the marl formations and intercalated limestones and the youngest Santa Fè limestones, is not remagnetized. The associated rock magnetic studies show that the magnetic carrier is mainly magnetite, with a small amount of goethite and haematite (Dinarès-Turell & García-Senz 2000; Gong et al. 2008a,b) . In many cases, the samples are intermediate between the so-called remagnetized and the non-remagnetized trends on the Day plot (cf . Channell & McCabe 1994) . Also, they plot often in the vicinity of the single-domain field where these two trends are reasonably close to each other (Dinarès-Turell & García-Senz 2000). Therefore, the remagnetization in the Organyà Basin cannot be precisely diagnosed by plotting on the Day plot.
We sampled 144 drilling cores from three sites (OR66, OR68 and OR69) in the Organyà Basin, 48 cores for each site, using a portable gasoline-powered drill (Fig. 1 ). Sites OR66, OR68 and OR69 are from limestone intercalated in marls in the top of the Senyús Formation (non-remagnetized; Garagasian), Hostal Nou limestone (remagnetized; Valanginian) and Cabó marls (non-remagnetized; Bedoulian), respectively. The sites are typical for the formations and were originally sampled for palaeomagnetic purposes to average out secular variation and contain at least 100 Kyr of stratigraphy (equivalent to at least 30 m of stratigraphic thickness). Note that there is no remagnetized marl in the Organyà Basin. The palaeomagnetic results from their sister samples were published by Gong et al. (2008b) .
M E T H O D O L O G Y
In previous studies (Gong et al. 2008a,b) , we found that the optimal NRM demagnetization procedure for the low-intensity samples in the Organyà Basin is: limestones thermally demagnetized to 150 • C and marls thermally demagnetized to 210 • C, followed by alternating field (AF) demagnetization up to 100 mT. AF demagnetization solely had less discriminative power: the primary NRM component was less resolved. The selected temperatures were considered to be an efficient method to remove the viscous remanence magnetization (VRM), with the advantage of avoiding the potential interference of oxidized rims of the magnetic particles (Van Velzen & Zijderveld 1995) . It may well be that the heating enhances the discrimination of the different IRM components as well. So, in this study, we also want to investigate whether and how the IRM acquisition curves are influenced by the pre-heating treatment.
Therefore, 288 specimens (two specimens from each drilling core) were processed in six groups: remagnetized limestone with and without pre-heating to 150 • C (48 samples in each group), non-remagnetized limestone with and without pre-heating to 150 • C (48 samples in each group) and non-remagnetized marls with and without pre-heating to 210 • C (48 samples each). To compare the results most meaningfully, two specimens were taken from most of the individual cores (one reference specimen and one specimen that would be subjected to preheating).
For the determination of the IRM acquisition curves, the specimens were first AF-demagnetized (three orthogonal axes at 300 mT) to minimize the influence of magnetic interaction and thermal activation (Heslop et al. 2004) . The IRM was acquired until 700 mT with 30 small steps. The IRM measurements were processed by an in-house-developed robot, which let the samples pass through a 2G Enterprises SQUID magnetometer (noise level 10 −12 Am 2 ) (Mountain View, CA, USA). The pre-heating treatment was done in a magnetically shielded, laboratory-built furnace in the palaeomagnetic laboratory at the University of Utrecht.
The end-member modelling algorithm (Weltje 1997) is used for the interpretation of the IRM curves in this study. It assumes that the measured data can be represented by a linear mixture of a number of invariant constituent components, which are referred to as endmembers. The use of least-squares estimation procedures enables the objective minimization of the differences between measured compositions and calculated normative compositions, eliminating the need for prior knowledge of the magnetic minerals' properties (cf . Weltje 1997 ). An underlying criterion of the end-member modelling algorithm is that the acquisition curves must be monotonic, that is, all the derivatives of the input data should be ≥0 (e.g. . When normalized to their maximum value, the IRM curves form a closed data set; thus, the abundances of the various end-members will not be independent, and changes in the abundance of an end-member will naturally affect the abundances of the other end-members. Therefore, to achieve a quantitative analysis, the signatures of the individual end-members must be understood.
In end-member modelling, the estimation of the number of endmembers is a crucial step for the decomposition of the data set. To decide how many meaningful end-members should be included in the end-member modelling procedure, the selection criterion is based on the calculation of the coefficient of determination (r 2 , range from 0 to 1) between the input data and the end-member model ). If the number of the end-members is not sufficient to describe adequately the variance of the input data set, the r 2 value will be low (<0.5). For an optimum model, the r 2 value is high and the inclusion of additional end-members provides little improvement in the quality of the model. For this purpose, r 2 was calculated from 2-9 end-members for each of the analysed data sets. Another criterion is the similarity of the end-members: when two (or more) end-members appear to be nearly identical in shape, their interpretation is less useful and thus seeking a higher number of end-members is not needed.
After correction for the magnetic background and tray contributions, the IRM acquisition curves were processed as follows: (1) Mass-specific data were used as input although this is not strictly necessary for the end-member modelling.
(2) The end-member algorithm required data smoothing because it appeared to be sensitive to small deviations from a monotonically increasing curve. Therefore, small negative IRM data points (this means oppositely directed) at low fields were transferred to zero to comply with the mathematical requirements of the end-member modelling. The IRM acquisition curves were pre-processed individually using a monotone smoothing procedure based on forming a constrained estimate of the derivatives of the acquisition curve using smoothing splines (e.g. Zhang 2004) . (3) Samples that appeared to be either too sensitive to small deviations in the tray contribution during the IRM acquisition or that showed the effects of gyroremanent magnetization (GRM) (Dankers & Zijderveld 1981) were removed from the data set. (4) The coefficient of determination (r 2 ) for different numbers of end-members (from 2 to 9) was calculated by running the end-member model in MATLAB, version 7.4.287 (R2007a) (The Mathworks, Natick, MA, USA). (5) The optimum number of endmembers was determined based on the result from the previous step (detailed criteria will follow in next paragraph). (6) The endmember parameters were calculated for each end-member model.
E N D -M E M B E R M O D E L L I N G R E S U LT S
The end-member modelling results show that r 2 is ∼0.7 for the two-end-member models and 0.75-0.8 for the three-end-member models for all limestone data sets. Previous rock magnetic studies have suggested that the magnetic carriers in these limestones are magnetite, with a small amount of goethite and haematite (Dinarès-Turell & García-Senz 2000; Gong et al. 2008a,b) . Based on the r 2 value and the mineralogy, two-or three-end-member models were selected. Four-end-member models already showed very similar end-members and were deemed to be an overinterpretation of the data.
In this study, we will mainly compare the end-member modelling results from the IRM acquisition curves of the remagnetized and non-remagnetized limestones. After the selection process discussed above, 32 IRM acquisition curves from each remagnetized group and 48 IRM acquisition curves from each non-remagnetized group were used for the end-member model (Fig. 2) . Compared with the IRM curves without pre-heating (Figs 2a and g) , those with pre-heating (Figs 2b and h) show a somewhat more dispersed distribution. For the end-member modelling, the main difference between the pre-heated and the non-pre-heated groups emerges in the lower-coercivity components (solid line in the two-end-member model and solid and long dashed lines in the three-end-member model), whereas the high-coercivity component (short dashed line) remains similar in both the two-and the three-end-member models.
Remagnetized limestones
In the remagnetized data sets with two end-members (Figs 2c  and d) , the lower-coercivity component (Fig. 2d ) is saturated at ∼500 mT in the pre-heated data set. However, it is not saturated at 700 mT in the non-preheated data set (Fig. 2c) . The three-endmember models (Figs 2e and f) separate this lower-coercivity component into two components. In the non-pre-heated group (Fig. 2e) , the low-coercivity components include a saturated component at ∼700 mT and an unsaturated component until 700 mT, whereas in the pre-heated group (Fig. 2f ), they involve a component saturated at ∼400 mT and an unsaturated component until 700 mT.
Non-remagnetized limestones
For the non-remagnetized data sets (Figs 2g and h) , the behaviour of the components between the pre-heated and the non-pre-heated groups is very similar in both the two-and the three-end-member models. In the case of two end-members (Figs 2i and j) , the lowcoercivity component saturates at ∼400 mT, whereas in the threeend-member model (Figs 2k and l) , one low-coercivity component is saturated at ∼300 mT and another one is not saturated until 700 mT. Note that the high-coercivity components in the two-end-member models (Figs 2i and j) are different from the ones (Figs 2k and l) in the three-end-member models in the non-remagnetized groups. This may be caused by a high-coercivity component that combines with a separate low-coercivity component in the two-end-member model, whereas it remains a separate high-coercivity component in the three-end-member model. Therefore, by end-member modelling, we can see that the remagnetized data sets with pre-heating can be separated into the different coercivity components better than the ones without preheating. Also, the three-end-member model is better to identify the magnetic mineralogical properties for the remagnetized and nonremagnetized groups than the two-end-member model. Now, we will merge the data sets to investigate whether the end-member algorithm can separate remagnetized and non-remagnetized limestones without knowing the division beforehand. The analysis will focus on comparing results from the data sets with pre-heating by a three-end-member model. Figure 2 . End-member models for the IRM acquisition curves from limestones. Panels (a) and (b) are the IRM curves from the remagnetized data sets without pre-heating and with pre-heating (150 • C), respectively. Panels (g) and (h) are the IRM curves from the non-remagnetized data sets without pre-heating and with pre-heating (150 • C), respectively. The examples of the two-end-member and three-end-member models are shown: panels (c) and (e) for the remagnetized data sets without pre-heating, (d) and (f) for the remagnetized data sets with pre-heating, (i) and (k) for the non-remagnetized data sets without pre-heating and (j) and (i) for the non-remagnetized data sets with pre-heating. In the end-member diagrams, short dashed lines indicate the high-coercivity component (end-member 2 in the two-end-member model and end-member 3 in the three-end-member model), long dashed lines indicate the low-coercivity component (end-member 2 in the three-end-member model) and solid lines indicate the low-coercivity component (end-member 1 in both models).
D I S C U S S I O N A N D C O N C L U S I O N S
For the limestones with pre-heating in the three-end-member models (Figs 3b and d) , end-member 1 is interpreted to be the magnetite component because it saturates at ∼300 mT for the nonremagnetized data set and at ∼400 mT for the remagnetized data set. End-member 3 is not close to saturation at the maximum applied field (700 mT) and is interpreted to be haematite or goethite. End-member 2 is close to saturation around 700 mT. We consider that end-member 2 could be very fine-grained magnetite, close to the SP threshold size. Also, clusters of magnetically interacting yet formally SP particles of a few nanometers in size may cause this effect. It should be kept in mind that large SP particles saturate in fairly low applied fields, leading to wasp-waisted hysteresis loops, as regularly observed. Small SP particles may not even be saturated in 2 T fields, as shown by Dekkers and Pietersen (1992) for IRM acquisition curves of industrial fly ash. This neoformed fine-grained magnetite is the major contributor to the remagnetization in the Organyà Basin limestones. This interpretation is in line with the remagnetization studies in Palaeozoic carbonates (Jackson 1990 ) and the Vocontian Trough (Katz et al. 2000) . In the Organyà Basin, because of the low intensity of the limestones, hysteresis measurements could not provide reliable data for many samples to investigate the existence of SP magnetite (Gong et al. 2008a ). For a more robust analysis in the Organyà Basin, future work could include scanning electron microscopy (SEM) and, particularly, transmission electron microscopy (TEM) analysis to visualize the SP particles.
For all the normalized IRM curves of limestone ( Fig. 3e) , threeend-member models (Fig. 3f ) are considered to best describe the data set for reasons outlined before. On the basis of all the normalized IRM acquisition curves for the limestones only ( Fig. 3e) , however, we cannot distinguish between the remagnetized and the non-remagnetized groups by observation. Therefore, we turn to the end-members to find the solution. In the merged data set, the endmembers are reasonably similar to those in the data subsets that were interpreted individually, giving credit to their realisticness. Plotted in a ternary plot (Fig. 4) , the three end-members ( Fig. 4 ; Table S1 ) show clearly distinguishable distributions between the remagnetized (open diamonds) and the non-remagnetized (closed diamonds) groups. The remagnetized group clearly has the highest contribution of end-member 2, whereas the reverse holds for the non-remagnetized group, which has the highest contributions of end-member 1. The contribution of end-member 3 is variable.
After correction for the contribution of end-member 3 (done by recalculating the percentages of end-members 1 and 2 to 100 per cent for each sample), the diagram with end-member 1 versus end-member 2 (Fig. 5 ) demonstrates a clear separation of the remagnetized and non-remagnetized limestones with pre-heating. Generally speaking, the remagnetized limestones have a high percentage of end-member 2, whereas the non-remagnetized limestones have a high percentage of end-member 1. This remarkable discovery can lead to an alternative method in the future to recognize remagnetization independently from the analysis of palaeomagnetic directions. We have calculated the average contributions with their 95 per cent confidence levels of end-members 1 and 2 for Figure 5 . The contribution of end-member 1 versus end-member 2 corrected for the (variable) contribution of end-member 3 (the high-coercivity end-member) for the limestone data set with pre-heating at 150 • C. The open dots indicate the remagnetized data and the crosses denote the non-remagnetized data. Note that the remagnetized and non-remagnetized designations are independent of the end-member model. The end-member averages for the remagnetized and non-remagnetized data sets are indicated with the full lines and the lower and upper bounds of the 95 per cent confidence areas (Swan & Sandilands 1995) are given with the dashed lines. Since the data are closed, the end-member averages for each data set added are 100 per cent: for the non-remagnetized limestones, the average of end-member 1 is 78 per cent and thus that of end-member 2 is 22 per cent. For the remagnetized limestones, the averages of end-members 1 and 2 are, respectively, 7 per cent and 93 per cent, which are notably different. The log-ratio transform was applied to account for the closed data (see text). the two sites. Because the end-members are closed data, log-ratio transforms were used to create a pseudo-open data space (Aitchison 1982; Heslop 2009 ). It is clear that both sites are significantly different. In other data sets, the separation between the end-members may turn out to be different and calculating site means with confidence levels is helpful to assess the nature of observed differences.
The end-member modelling results from the non-remagnetized marls show a very similar behaviour for the non-heated and preheated groups (Fig. 6 ). This concurs with the observation in the non-remagnetized limestones that there is no distinguishable difference between the pre-heated and the non-heated data sets. Here, we concentrate on the pre-heated marl data set for the sake of comparison. The marl data are very uniform and the IRM acquisition curves tend to saturate at 300 mT (without a meaningful high-coercivity contribution), strongly supporting their non-remagnetized nature. The curves can be considered as a single end-member because if calculated for two or a higher number of end-members, their shape appears to be very similar, which makes interpretation hard. This low-coercivity end-member is very similar to end-member 1 from the heated non-remagnetized limestone samples.
Below, we summarize the workflow of the end-member model approach. Determine the IRM acquisition curves for >30 samples with at least 30 field steps. To facilitate comparison to other IRM acquisition curves, tri-axial AF demagnetization should be carried out first. When dealing with limestones, a thermal demagnetization step to 150 • C before AF demagnetization can be advantageous.
The end-member modelling algorithm requires monotonous input curves interpolated to common field steps. Therefore, as a rule, pre-processing is needed with, for example, a monotonous Figure 6 . IRM acquisition curves from the marl groups with and without pre-heating at 210 • C. (a). Normalized IRM curves from the marls data set without pre-heating. (b). Normalized IRM curves from the marls data set with pre-heating. spline fitting (e.g. Zhang 2004) . MATLAB code to run the model can be found at: http://www.marum.de/Unmixing_ magnetic_remanence_curves_without_a_priori_knowledge.html
The program calculates the coefficient of determination and the convergence for 2-9 end-members and allows the user to select the number of desired end-members. For that model, the contribution of each end-member to every sample is calculated. In practice, several models are compared with each other after which an optimal model is selected. Here, a three-end-member model describes data variability adequately and allows discrimination of remagnetized and non-remagnetized limestones. After correction for the high-coercivity end-member contribution, the division between the two sites appeared to be significant at the 95 per cent confidence level. It is thus possible to diagnose remagnetization in the Organyá Basin setting with the end-member model approach without using palaeomagnetic directional information.
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